In the king penguin, Aptenodytes patagonicus, incubation and brooding duties are undertaken alternately by both partners of a pair. Birds returning from foraging at sea find their mate in the crowded colony using acoustic signals. Acoustic recognition of the mate maintains and strengthens the mate's fidelity and favors synchronization in the different stages of reproduction. In this study it was found that the king penguin vocalizes in response to the mate's playback calls, but not to those of neighbors or unfamiliar conspecific individuals. To study individual features used by the birds for individual recognition of mates, various experimental signals consisting of synthesized modifications of the mate's call were played back to the incubating bird. Results indicated that birds attend to the FM profile of the call, in particular its initial inflexion. The frequency modulation shape of the syllable can be assimilated to a vocal signature repeated though the different syllables of the call. King penguins pay little attention to the call's AM envelope or its absolute frequency.
INTRODUCTION
Many birds show an ability to respond selectively to particular individuals in their social environment. They may respond only to the call of their own species ͑see review on species recognition in Becker, 1982͒ or to the call of one individual ͑see review on individual recognition in Falls, 1982͒ . For species breeding in colonies, birds are continuously exposed to the calls of conspecific birds, but most respond only to the call of one individual: the mate or the chick ͑Evans, 1970; White, 1971; Jouventin, 1982͒ . The best evidence of voice-based individual recognition ͑IR͒ in birds comes from colonial species for which the omnidirectional properties of sound make acoustic signals more reliable than visual signals in a crowded colony ͑Beer, 1970͒. In breeding colonies where nest sites are closely spaced, the close proximity of neighbors makes reliable individual recognition ͑IR͒ especially important. IR provides a basis for the development of exclusive and stable social bonds between partners of a breeding pair and allows them to coordinate their efforts, especially in seabirds when both sexes brood and rear the chicks.
According to Beer ͑1970͒, investigators have used three approaches in the study of IR: field observation, acoustic analysis of signals, and playback experiments. Field observations show that birds can respond to songs of their own mates, even when they cannot see them ͑Nelson, 1965; Tinbergen, 1959͒ . Acoustic analysis of the variation in calls has been the most widely employed tool to predict which features could be used in the discrimination process. Most studies have shown that significant variation exists among the calls of different individuals beyond that found in repeated calls of the same individual. This prerequisite for individual recognition has been demonstrated by numerous authors ͑White et Bretagnolle and Lequette, 1990; Mathevon, 1996͒ . However, absolute measures of variation are hard to interpret in the absence of information concerning which features of a signal are detected and used by a bird. The most direct way to demonstrate IR by sound is to compare responses of birds to recordings of different individuals. White ͑1971͒, Brooke ͑1978͒, and Moseley ͑1979͒ have, respectively, demonstrated IR in the gannet ͑Sula Bassana͒, the manx shearwater ͑Puffinus puffinus͒ and the least stern ͑Sterna albifrons͒ by playback experiments in the field, where birds may be expected to perform normally in a complex natural environment. Contrary to the species recognition process, individual recognition requires very precise information and it can be supposed that individual identity is conveyed by detailed structure. However, few studies have been conducted using playback experiments to determine which properties of calls are important in eliciting IR.
The king penguin, Aptenodytes patagonicus, is a highly colonial seabird. It breeds in large and dense colonies on the seashore of subantarctic islands and, as in other colonial breeders, its social behavior can be expected to have features that reflect adaptations to its colonial way of life. Furthermore, the king penguin breeds without a nest, incubating its single egg on its feet where it is covered by a brood patch. Birds move with the egg but stay in an area of the colony that has been named the ''attachment zone'' by Barrat ͑1976͒. Incubation and brooding duties are undertaken alter-nately by both partners of a pair ͑Weimerskirch et al., 1992͒. Field observations of the breeding behavior have shown that IR of mates by each other is achieved though a display call ͑Stonehouse, 1960͒. The mate returning from the sea makes its way to the attachment zone and calls. The incubating bird, recognizing its mate's call, becomes agitated and calls back without moving. After a few calls, the incoming bird finds the incubating one and the two birds exchange the egg or the young chick. Previous studies tried to evaluate the potential of different features of the signal for coding individual information. Jouventin ͑1982͒, Robisson ͑1992b͒ and Lengagne et al. ͑1997͒ showed that individual information can be conveyed by either temporal or frequency parameters. Playback experiments conducted by Derenne et al. ͑1979͒ demonstrated that the king penguin discriminates the display calls of its mate from the calls of other birds in the colony. But it is not known whether recognition is achieved by a complex discrimination between calls of numerous birds ͑discrimina-tion between different neighbors' calls and stranger's call͒ or by a binary discrimination ͑discrimination between familiar and unfamiliar calls͒. Derenne et al. ͑1979͒ and Robisson ͑1992a͒ used playback experiments to assess how information concerning individual identity is decoded. Many features, such as spectral composition, time-varying amplitude or time-varying frequency might be involved in IR. The organization of this coding-decoding process has probably evolved under the influence of several factors such as physical constraints imposed by the environment ͑Wiley and Richard, 1978; Morton, 1975͒ and masking properties of vocalizations from conspecific birds ͑Aubin and Jouventin, 1998͒. The coding decoding process is probably based on sound features that are best able to survive transmission across the colony ͑Brémond and Aubin, 1990͒.
The aim of this study was first to investigate the features of the signal that convey identity by means of playback of modified synthetic versions of the mate's display call. This coding-decoding system of individual recognition between mates is discussed in regard to the parent-chick recognition system previously studied ͑Jouventin et al., 1999͒ and to the physical constraints imposed by the environment. In a second step, we investigate the kind of individual discrimination that the king penguin can do and the biological function of individual recognition between adults.
I. MATERIAL AND METHODS

A. Study areas
The recordings and experiments were performed at La Baie du Marin, Possession Island, Crozet Archipelago ͑46°25 S, 51°45 E͒ during the beginning of the breeding season 1994-1995 ͑from December to February͒. The king penguin colony consisted of about 40 000 pairs of birds ͑Guinet, C., unpublished data͒.
B. Recording and analysis procedure
During the incubation and brooding stage, members of a pair alternate care duties on land and foraging trips at sea. The ability to communicate using acoustic signals is an advantage in a crowded colony of morphologically similar birds and we have shown that acoustic signals appears to be more effective than visual signals in locating birds within a colony ͑Lengagne et al., in press͒. Moreover, experiments proved that birds cannot find each other without acoustic signal ͑Jouventin, 1982͒. The display call of king penguins was recorded at the changeover using an omnidirectional Beyer Dynamic M69 microphone mounted on a perch and connected to a Nagra III tape recorder ͑19.05 cm/s͒. The microphone was placed at 1 m in front of the beak of the recorded bird. Display calls of the two birds of 50 pairs were recorded and all birds were flipper-banded for their identification in the colony.
Signals were digitized through a 16-bit acquisition card equipped with an antialiasing filter ͑low pass filter, f c ϭ6.4 kHz; Ϫ120 dB/octave͒ at a sampling rate of 16 kHz. Signals were then examined and modified with the SYNTANA analytic package ͑Aubin, 1994͒.
C. Playback procedure
The experimental technique used enabled us to test the effects of the sound itself in isolation from other factors that might sometimes be associated with it, such as specific visual and olfactory stimuli and specific location.
The experiments were performed under clear and dry weather conditions. To avoid problems of masking due to wind ͑Eve, 1991; Lengagne et al., 1999b͒ , experiments were conducted when the wind speed was less than 4 m/s. To prevent habituation, each bird was tested only once a day. The broadcast chain consisted of an Uher 4000C connected to a Nagra Kudelski amplifier ͑7 W͒ and a loudspeaker. To prevent differences in the intensity of the response of the bird, all the signals were broadcast with the same intensity and at a same distance from the tested bird ͑Evans, 1970͒. Signals were played back at 95 dB ͑SPL͒, measured at 1 m from the loudspeaker, with a Bruel & Kjaer Sound Level Meter type 2235 ͑linear scale, slow setting͒. This level was equivalent to that produced in natural conditions ͑Robisson, 1993͒. The loudspeaker was placed 7 m from the tested bird, a distance that allows penguins to discriminate without difficulty the call of the mate in the background noise of the colony ͑Lengagne et al., in press͒.
Two experimental signals separated by a 15-s silence were broadcast. The response obtained was compared with that induced by a reference signal, i.e., two natural calls from the mate broadcast 20 min later and separated by a 15-s silence. The order of presentation of both experimental and reference signals was randomized. The presentation of 24 experimental signals was also randomized during the whole experimental period.
D. Classification of reactions and statistical analysis
To evaluate the intensity of response of tested bird to playback signals, a four-point scale was used, ranked as follows:
class 0: no reaction class 1: agitation class 2: agitation then calls in response to the second broadcast class 3: agitation then calls in response to the first broadcast This behavioral scale is similar to those used in previous studies dealing with the king penguin ͑Derenne et al Robisson, 1990͒ . Responses falling in classes 2 and 3 were considered positive since they allowed the birds to carry out the changeover, while responses falling in classes 0 and 1, not followed by a changeover, were considered negative.
Responses obtained after the broadcast of 24 signals were compared with the responses obtained by the reference signal. The sign test on related samples was used to assess the significance of the differences observed on scores following the broadcast of experimental and reference signals. The null hypothesis is that p(XaϾXb)ϭp (XaϽXb) where Xa is the score observed under reference signal and Xb the score under experimental signal. Computations were carried out using statistical analysis software SPSS statistic package.
E. Reference and experimental signals
We broadcast 25 signals: 1 was the reference signal ͑call of the mate͒, 3 were natural display calls of other conspecific birds ͑natural signals͒, and the last 21 were experimental signals obtained by acoustic modifications of the reference signal. All responses obtained were compared with the response obtained by the reference signal. Several studies have shown the low intra-individual variation of the call emitted by each birds ͑Derenne et al Robisson, 1992b; Lengagne et al., 1997͒ . This high stereotypy can be considered from an ethological point of view. We have shown that all the calls produced by a bird elicit a strong response by its mate. This explains why we used only one call of the mate as the reference signal for each tested bird. Main characteristics of the 24 signals used are summarized in Table I .
The reference signal
The Reference Signal ͑RS͒ is the natural display call of the mate of the bird under test ͑Fig. 1͒. It consists of a fundamental frequency ͑between 400 and 500 Hz͒ and numerous harmonics. The majority of energy is concentrated between 400 and 3000 Hz. The waveform of the call revealed large amplitude modulations ͑AM͒ which separated sound elements named syllables. The spectrogram revealed frequency modulations ͑FM͒ in each syllable. The duration of the ascending part of the FM is on average 152Ϯ3 ms ͑mean ϮSE͒ with a modulation rate of 1887Ϯ36 Hz/s ͑meanϮSE͒. Concerning the second part of the syllable, its duration is 372Ϯ11 ms with a modulation rate of 568Ϯ24 Hz/s. The small variation of the call has been demonstrated previously. By using the coefficient of variation ͑CV͒, Derenne et al. ͑1979͒ first demonstrated a weak variation of the call of each bird in either the frequency domain ͑average of CV: 2.8%͒ or the temporal domain ͑average of CV: 5.1%͒. This intraindividual variation is weaker than the inter-individual variation ͑respectively, 19.9% and 37.4%͒. In addition, by statistic methods ͑Analysis of variance, t test or independent time and frequency decomposition͒ other studies have shown that all 
Natural signals of other conspecific birds
Three Natural Signals ͑NS͒ corresponding to the display calls of different conspecific birds were used:
᭹ NS 1, natural display call of a conspecifics ͑a different call for each bird tested͒ located in a distant area of the colony, 200 m away ͑Fig. 1͒. We believe that it was a signal that the tested bird had not heard previously. ᭹ NS 2 and NS 3, natural display calls of two conspecific neighbors located less than 3 m from the tested bird. The tested bird received these signals numerous times at each exchange of the neighbor pairs. Thirteen birds were tested with NS 2 and NS 3, these calls being different for each experiment.
Experimental signals
The reference signal of the bird under study was modified either in the temporal or the frequency domain. During our experiments, 21 Experimental Signals ͑ES͒ were broadcast. Since the different calls emitted by one bird are highly stereotyped, only one call for each bird serves as RS. This call was then modified to obtain the different experimental signals. There were only two exceptions in building these signals: experimental signals 3 and 4 had hybrid characteristics between the Reference Signal and an alien call ͑see below͒.
a. Signals with modified AM and FM. Four types of modifications of AM and FM were used.
͑1͒ Experimental Signal 1 ͑ES 1͒. A natural envelope was applied to a carrier frequency without FM. A carrier frequency was composed by the fundamental frequency and by the harmonic series of the mate's call. The fundamental frequency corresponds to the mean value between the maximum and the minimum of the frequency modulation calculated on each entire RS. The amplitude envelope applied was extracted from the call of the mate, using the analytic signal calculation ͑Mbu-Nyamsi et al., 1994͒. As a result, we obtained a signal with the same temporal succession of syllables and spectral content as the mate's call, but without any modulation in the frequency domain ͑Fig. 1͒. This signal was termed ''with mate AM, without FM.'' ͑2͒ Experimental Signal 2 ͑ES 2͒. The amplitude modulation of the mate's call was removed by application of analytic signal calculation ͑Mbu-Nyamsi et al., 1994͒. We obtained a signal with the same spectral content and the same FM as those of the mate's call but without any AM. This signal was termed ''without AM, with mate FM.'' ͑3͒ Experimental Signal 3 ͑ES 3͒. Using methods described above for ES 1 and ES 2, we synthesized an hybrid signal made of mate AM and alien FM and spectral content. We applied the amplitude envelope previously extracted from the call of the mate ͑see ES 1͒ to the spectral content of the alien call without AM ͑removed as ES 1͒. As a result, we obtained a signal with the same temporal succession of syllables ͑AM͒ of the mate's call but with the spectral content and the FM of the alien call ͑Fig. 1͒. Calls of 30 birds were used to synthesize this experimental signal ͑15 alien calls emitted by different birds and the RS corresponding to each of the 15 tested birds͒. This signal was termed ''with mate AM, with alien FM.'' ͑4͒ Experimental Signal 4 ͑ES 4͒. We synthesized a hybrid signal made of alien AM and mate FM and spectral content. We applied the amplitude envelope extracted from an alien call to the spectral content of the mate's call without AM ͑see ES 2͒. We obtained a signal with the spectral content and FM of the mate's call but with the temporal succession of syllables ͑AM͒ of an alien call ͑Fig. 1͒. Calls of 32 birds were used to synthesize this experimental signal ͑16 alien calls emitted by different birds and the RS corresponding to each of the 16 tested birds͒. This signal was termed ''with alien AM, with mate FM.'' b. Signals with modified call duration. Experimental Signals 5 to 8 (ES 5 and 8, Fig. 2) . Four signals were synthesized with different modifications of the call duration. In a previous study, Derenne et al. ͑1979͒ showed that the first half of the mate's song is sufficient to elicit the response from the tested bird. We applied accurate modifications of signal duration so as to test the importance of tempo ͑number of elements by unit of time͒, rhythm ͑ratio sound/silence͒ or syntax ͑order of the elements͒ in IR. At the same time, we emphasized an important redundancy of the individual infor- mation content if a small part of the signal allowed IR between mates. ES 5 was composed of the first syllable of the mate's call ͑mean duration ϮSE: 524 msϮ13 ms͒. ES 6 was composed of the first part of the first syllable containing the inflexion point of the frequency modulation, i.e., the point situated at the inversion of the slope between the increasing frequency part and the decreasing ͑mean duration ϮSE: 152 msϮ5 ms͒. ES 7 was composed of the second part of ES 5 ͑mean duration ϮSE: 372 Ϯ12 ms͒ and ES 8 corresponded to the first half of ES 6 ͑mean duration ϮSE: 76 msϮ3 ms͒.
c. Signals with modified frequency patterns. Two methods were used for the modification of the frequency patterns of the reference signals.
͑1͒ Experimental Signals 9 to 11 ͑ES 9 to 11, Fig. 3͒ . We synthesized three signals with different modifications of the spectral content by digital filtering. We applied optimal filtering with the FFT ͑Press et al., 1988͒. The window size of the FFT was 4096 points ͑precision in frequency: ⌬F ϭ4 Hz͒. ES 9 corresponded to the lower part of the spectrum ͑the fundamental frequency and the first three harmonics͒. ES 10 corresponded to the complementary part of the spectrum of ES 9. Finally, ES 11 corresponded to the fundamental frequency of the mate's call. Thus, the three signals had the same duration and temporal succession of syllables, the same FM as the reference call, but a modified spectral content.
͑2͒ Experimental Signals 12 to 21 ͑ES 12 to 21͒. We shifted the frequency of each reference signal. We applied short-termed overlapping ͑50%͒ FFT followed by a linear shift ͑ϩ or Ϫ͒ of each spectrum and by a short-term inverse FFT ͑Randall and Tech, 1987͒. We used a 4096-point window size (⌬Fϭ4 Hz). Signals 12-16 and 17-21 were shifted positively and negatively, respectively, by 100, 85, 70, 50 and 25. All of these signals kept the normal ͑natural͒ frequency range of the species while moving the whole call either up or down in frequency.
II. RESULTS
Scores obtained after broadcast of ES were compared to scores of RS.
A. Natural Signals of other conspecific birds "NS…
For signals NS 1, NS 2, and NS 3, strong differences from the reference signal were found ( PϽ0.001). Responses obtained after broadcast of the three signals were not statistically different: These calls were not recognized as a mate's display call ͑class 0 for all responses obtained͒. Birds responded only to the call of their mate ͑between 85 and 100% of positive responses͒.
B. Experimental signals
Signals with modified AM and FM
When the experimental signals had the FM of the mate's call but not its AM ͑no AM or AM of an alien bird: ES 2 and ES 4͒, no significant differences were found from the reference signal ͑Fig. 4͒. When the experimental signals had the AM of the mate's call but not its FM ͑no FM or FM of an alien bird: ES 1 and ES 3͒, birds discriminated these signals from the mate's display call ( PϽ0.001). Thus, the FM of the signal seems to give the bird a distinctive cue in identifying the emitter. 
Signals with modified call duration
Concerning the modifications of syllable duration, it appears that the broadcast of only the first syllable was sufficient to elicit recognition ͑no significant difference was found between ES 5 and RS; see Fig. 5͒ . Indeed, individual recognition still occurred when only the first part of the first syllable was broadcast ͑no significant difference was found between ES 6 and RS͒. This signal presented only a small part of the call ͑on average 4.1% of the whole call duration͒. However, significant differences ( PϽ0.001) were found for the broadcast of either the second part of the first syllable ͑ES 7͒ or the first 74 ms of the first syllable ͑ES 8͒. Tested birds did not recognize the mate's call. Thus, the whole call seems not to be necessary to elicit discrimination of the mate's call, and the beginning of the syllable seems more important than its end.
Signals with modified frequency patterns
There were no significant differences between the responses to RS and the responses to experimental signals containing only the lower frequency band ͑ES 9͒ or containing only the fundamental frequency ͑ES 11͒. On the other hand, a significant difference was found between ES 10 ͑high frequency band͒ and the reference signal ( PϽ0.001). Thus, as for call duration, the whole frequency content of the call does not seem to be necessary to elicit discrimination of the mate's call ͑Fig. 6͒.
Concerning the frequency shift series ͑ES 12 to ES 21͒, significant differences appeared for a positive frequency shift of 75 Hz or more and for a negative frequency shift of 85 Hz or more. Results with statistical differences between ES and RS are shown in Fig. 7 . It seems that birds did not utilize frequencies precisely.
III. DISCUSSION
A. Coding-decoding processes of individual information between mates
The sounds of birds are characterized by a large number of combinations of acoustic characteristics. Only some of them act as releasers for IR. Hopkins ͑1983͒ and Okanoya and Dooling ͑1991͒ suggested that vocal recognition ͑for individuals or species͒ may involve some common perceptual mechanisms across a wide variety of avian species. The parameters of an input signal can be utilized by the receiver either in the frequency domain ͑using a power spectral profile͒ or in the temporal domain ͑using combinations of elements in the signal or using the structure of single elements͒ or both.
Different studies showed that biologically relevant information can be encoded in the frequency pitch: Birds can pay attention to the timber of signals ͑Bertram, 1970; Robisson, 1987; Aubin and Brémond, 1992͒ . Our frequency shift series ͑ES 12 to ES 21͒ demonstrated that recognition still occurred until the reference call was shifted 75 Hz up or 85 Hz down ͑corresponding to a total variation of 160 Hz͒. The experimental calls shifted up or down, remaining in the natural range of king penguin calls. A frequency decrease of a certain amount ͑in Hz͒ seems to be perceived as less of a change than an equivalent increase. Our filtering experiments ͑ES 9 to ES 11͒ showed that a small part of the spectra of the call seems sufficient to elicit IR. The reference signal ͑with numerous harmonics͒, filtered so as to obtain a pure tone ͑cor-responding to the fundamental frequency͒, allowed tested birds to recognize their mate's call. According to these experiments, it seems that king penguins do not utilize with precision the spectrum of the signal in regard to IR of mates.
Each species has its own strategy for the use of temporal parameters as species or individual markers. Previous studies of Falls ͑1963͒, Abs ͑1963͒, and Aubin and Brémond ͑1983͒, showed that in several species, birds use a combination of elements to code species or individual information. The releasing function can be supported by tempo, rhythm or syntax. In king penguins, the playback of the first half of the first syllable alone ͑mean duration: 152 ms͒ allows IR. This experiment proved that a combination of successive elements ͑i.e., syllables͒ is not necessary to elicit IR. Heavy perceptual weighting of the initial part of a vocal signal has been shown in other studies ͑Horning et al., 1993; Johnrude et al., 1994͒. Another possibility is that king penguins utilize the structure of each syllable for the IR coding-decoding process. Birds have the possibility to use in each syllable either amplitude modulation or frequency modulation ͑Heidemann and Oring, 1976; Ficken and Ficken, 1973; Becker, 1982͒. Our experiments emphasized the releasing value of the FM and the absence of role of the AM for coding individual information in the king penguin. Indeed, the reference signal without AM ͑ES 2͒ was still recognized as the mate's call whereas a reference signal without FM ͑ES 1͒ was not recognized at all. Moreover, we tested birds with two complex signals: we played back two hybrid calls composed of characteristics of the mate's call and an alien bird's call. Only the signal with an FM of the mate's call ͑ES 4͒ was recognized, whereas the signal with the FM of an alien bird ͑ES 3͒ was not. Consequently, the frequency modulation of calls seems to act as a main releaser for IR of mate.
B. Comparisons with parent-chick recognition system
Stonehouse ͑1960͒ showed that to be fed, a king penguin chick must recognize its parents calls in the colony. Parents arriving from the sea call regularly in the area of the colony where the chick is usually located ͑the rendezvous site͒. The chick in the flock holds up its head, calls in reply and moves toward the parent. The signal emitted by the adult is the same for a parent-chick recognition purpose or a mate recognition one. Previous statistical analysis dealing with IR in king penguin calls ͑Robisson, 1992a; Lengagne et al., 1997͒ has shown that individual information could be conveyed by either temporal or frequency parameters. Our playback experiments ͑Jouventin et al., 1999͒ have shown that chicks do not precisely utilize the power spectral profile of the parent's call. As we described here for adults, chicks do not use a combination of elements to code their information. For mate recognition, we have shown the releasing value of frequency modulation for the IR coding-decoding process. In the king penguin, as in other colonial birds, the individual recognition process is established in the first weeks of the chick's life, by which time the young chicks are capable of moving out of the nesting area ͑Beecher et al., 1981; Burtt, 1977; Davies and Carrick, 1962; Loesche et al., 1991; Davis and McCaffrey, 1989͒ . The fact that colonial constraints on acoustic communication are the same for both adults and chicks may explain why the same coding-decoding process is used by both.
C. Adaptation to the colonial environment
Acoustic communication in a colonial environment appears to be very difficult. Two main problems have to be solved: the degradation of sound features of the signal during propagation and the masking effect of the continuous background noise generated by other birds in the colony.
Physical constraints imposed by the environment seem to have selective influences on the structure of bird sounds ͑Chappuls, 1971; Morton, 1975͒. In numerous cases, it has been demonstrated that the coding-decoding process of a signal is based on sound features that are relatively resistant to degradation ͑Robisson, 1987; Brémond and Aubin, 1990͒. In penguin colonies, propagating acoustic signals are degraded to some extent by blurring of amplitude and frequency parameters and also by attenuation. Moreover, the screening effect of the birds bodies that the signal must cross increases the degradation ͑Aubin and Jouventin, 1998͒. The lack of recognition obtained with the playback of the highpass signal ͑ES 10͒ was not surprising if we consider the characteristics of the transmission channel: Sound intensity attenuates as a function of frequency, and higher frequencies are rapidly lost with distance ͑Lengagne et al., 1999a͒. Moreover, during propagation through the penguin's bodies, frequencies around 1000 Hz are more severely attenuated ͑Aubin and Jouventin, 1998͒. These strong degradations of the signal frequencies could explain why the spectral profile was not used by birds for the precise coding-decoding process of individual information. In the same way, amplitude patterns were also subject to various distortions in the chan-nel of transmission ͑Lengagne et al., 1999a͒, and therefore are not suitable as releasers for IR. On the contrary, the FM of the carrier, well preserved during propagation, seems to be a more reliable strategy to ensure accurate transmission under constraining conditions ͑Wiley and Richards, 1982͒. A sequential redundancy may be important to counteract modifications of the signal during propagation. The redundancy in the king penguin's call is considerable since our experiments indicated that 4.1% of the whole duration of the call, i.e., 152 ms, was sufficient to achieve recognition.
In a dense colony, the most pervasive problem for mates is the difficulty of recognizing the mate's vocalizations in the continuous background sounds of other pairs. This process, termed the ''cocktail party effect,'' was first studied by Cherry ͑1966͒. In king penguins, recognition still occurs even if the level of the signal is well below the level of the background noise ͑Aubin and Jouventin, 1998͒. One way to enhance the discrimination of the signal in the noise is to increase the localizability of the emitter. Birds can localize a wide-spectrum signal better than any pure tone ͑Konishi, 1973͒. In addition, sounds with sharp changes in amplitude result in maximal localizability ͑Konishi, 1977͒. Wide spectra and strong gaps of amplitude are found in the king penguin call, and these particular features of the call besides FM could be important for IR by virtue of enhancing detection of the call in the background noise. Such acoustic characteristics are also found in the call of many colonial birds ͑White and Wiley, 1976͒ .
D. Biological functions of individual recognition
Playback experiments in the field demonstrate that several territorial passerines discriminate among their different neighbors and not only between familiar and unfamiliar calls ͑Wiley and Wiley, 1977; Stoddard et al., 1991͒ . This complex process of recognition assumes that birds store representations of all neighbors' signals and that a stimulus is compared to each prototype before a decision is made about the identity of the emitter. In the colonial species in which parent-young and mate recognition by calls occurs, this complex process of recognition does not appear to have been found, even when it has been looked for ͑Beer, 1970; White, 1971; Wooler, 1978; Jouventin, 1982͒. In the king penguin we observed a strong response when we broadcast the display call of the mate but no responses were obtained after broadcast of either neighbor's call or an alien bird's call. No difference was found with our behavioral scale between these responses ͑responses class 0 for NS 1, NS 2 and NS 3͒. During the playback of these signals, any behavioral change ͑agonistic behavior, fights, calling...͒ was observed. The lack of behavioral responses with NS 1, NS 2, and NS 3 ͑birds on its egg does not move at all͒ may be explained by the lack of biological function. Contrary to territorial passerine birds, in the crowded conditions of a colony, neighbors and stranger birds represent the same threat or irrelevance to the task of egg and chick exchange for a breeding pair. A given bird may not spend energy to communicate with other birds, except if it is the mate ͑or the chick͒. The lack of behavioral change in response to playback of NS 1, NS 2, and NS 3 does not meant that birds are unable to distinguish a neighbor call from an alien one. It can be only stated that such a complex discrimination, if it exists, cannot be appreciated by a bahavioral scale.
In seabirds, the two mates of a pair can ensure offspring survival only by subtle cooperative behavior. It appears obvious that such behavior depends on coordination and synchronization of reproductive effort of mates ͑Falls, 1982͒. The adaptative value of the acoustic IR appears clearly in terms of time and energy saved during the nest relief in the incubation or brooding period ͑Brooke, 1978; Guillotin and Jouventin, 1980͒ . This process can be interpreted as an adaptation to monogamy in breeding species when both sexes coordinate their efforts in brooding and rearing the chicks. During changeover, the acoustic communication allowing birds to identify mates without ambiguity in a few seconds is a particularly efficient strategy.
